Background: Autism spectrum disorder is defined by the Diagnostic Statistical Manual of Mental Disorders V (DSM V) as a neurobehavioral disorder manifested by persistent deficits in social and communication interaction, deficits in developing, understanding and maintaining relationships, as well as abnormal and fixed interests and repetitive behavior. Symptoms must be present at early childhood and interfere with daily function. The majority of individuals with ASD demonstrate some degree of auditory dysfunction. The level and expression of this dysfunction ranges from deafness and increased thresholds to hyperacusis and difficulty listening with background noise. Objective: The purpose of this study was to characterize the findings of audiological and electrophysiological hearing assessment in individuals with autism and to compare these findings to those obtained in typically developing individuals. Subjects, Materials & Method: Forty one Autistic children are divided into two groups:-group (1) Mild to moderate autism were seventeen children & group (2) Severe autism were twenty four children) were enrolled in this study (Whose ages were 2-6.5 years old) compared with ten typically developing matching peers. All Autistic children in the study had a definite medical diagnosis of Autism according to DSM-5 and based on the severity of symptomatology, ASD children were assessed and divided using CARS score (Childhood autism rating scale). Audiologic evaluation consisted of a case history, otoscopic examinatioin, behavioral free field evaluation, acoustic immittance measures (Tympanogram and Acoustic reflexes), speech audiometry, measurement of distortion product otoacoustic emissions and auditory brain stem response. Results: Our results support an association between ASD and higher DPOAEs S/N ratios at only 500 & 750 Hz. Moreover, ABR in ASD children showed a significant increase in waves III & V absolute latencies and I-III & I-V inert peak latencies (In both groups of ASD), with inter aural asymmetry as shortened right ear III-V & I-V inter peak latencies reflecting a more right ear advantage (mild to moderate group), in addition to a significant decrease in waves V/I amplitude ratio (Both ASD groups).
INTRODUCTION
Autism spectrum disorders (ASD) represent a heterogeneous group of specific and non-specific symptoms characterized by pervasive manifestation of partial indicators and cardinal differences in the development of the child with ASD in comparison with the intact individual (1) . Autism spectrum disorders (ASD) are highly heritable neurodevelopmental disorders characterized by reduced social interactions, language impairment and repetitive or restricted interests and behaviors (2) . Despite strong genetic etiology, diagnosis is based purely on behavioral criteria. However, individuals with ASD display marked phenotypic heterogeneity and frequent medical comorbidities, which have hindered advances in diagnosis and treatment development (3) . A recent survey indicated that ASD has an incidence of 1 in 110 (1:70 in males and 1:315 in females, although there is significant geographical variability (4) . There is an ample evidence of neuroanatomical dysmorphology in ASD, including differences in neuronal packing density, soma size and number and attenuated dendritic arbors (5) . The majority of individuals with ASD demonstrate some degree of auditory dysfunction (6) . The level and expression of this dysfunction ranges from deafness and increased thresholds to hyperacusis and difficulty listening with background noise (7) . It is known that children with autism and Asperger syndrome can have perception, attention and memory disorders and often times the presence 3962 of peripheral and/or central hearing loss is suspected (8) . Therefore, it is necessary to identify alterations in the peripheral and central auditory system in ASD patients, through subjective and objective tests in order to provide an accurate diagnosis and a more effective intervention.
AIM OF THE WORK
To study the audiological findings in autistic patients and to compare these findings with normal individuals. To correlate the audiological findings in autistic patients with the characteristics of the disease.
SUBJECTS, MATERIALS & METHOD Subjects:-
A total number of fifty one children (102 ears) were enrolled in the present study. They were divided into three groups according to CARS scores (Childhood Autism Rating Scale) that evaluates 15 aspects of behavior (9) . Group (1) included seventeen mild to moderate autistic children (fifteen males and two females with CARS scores ranging between 30-36.5), Group (2) included twenty four severe autistic children (seventeen males and seven females with CARS scores 37 and above) while Group (3) included the controls who were ten children (five males and five females with CARS scores below 30). The CARS is a 15-item scale which aids in the identification of children with autism and which distinguishes them from other children with compromised development but without autism. Its importance is based on its ability to differentiate mild-to-moderate from severe autism
(10)
. CARS is brief and is appropriate for use with any child over the age of 2 years. It was developed over a 15-year period on the basis of 1,500 autistic children. The scale incorporates diagnostic criteria based on the work of Kanner (1943), Creak (1961), Rutter (1978) and Ritvo & Freeman (1978) and from the 1980 Diagnostic and Statistical Manual of Mental Disorders (DSM-III) (9) . The scale evaluates behavior in 14 domains that are generally affected in autism, plus a single category for general impressions of autism . These 15 items are as follows: relating to people, imitation, emotional response, body use, object use, adaptation to change, visual response, listening response, taste, smell, and touch response and use, fear or nervousness, verbal communication, nonverbal communication, activity level, level and consistency of intellectual response and, finally, general impressions. The scores assigned to each domain vary from 1 (within the limits of normality) to 4 (severe autistic symptoms). The total score varies from 15 to 60 and the cutoff point for autism is 30. Scores between 30 and 36.5 indicates mild to moderate autism while, scores at 37 and above is considered severe autism (9) . For both groups (1) & (2) (mild to moderate and severe autism groups) selection criteria comprised the following: 1-Having a definite medical diagnosis of autism (According to DSM-V). 2-An age ranged from 2 to 6.5 years. 3-Absence of neurological diseases. 4-Normal middle ear function. While for the control group (Group 3), selection criteria comprised the following: 1-An age ranged from 2 to 6.5 years. 2-Normal healthy development. 3-No psychiatric, neurological, speech or hearing problems. 4-Normal middle ear functions.
All children were recruited and tested at the audiology unit, Al Hussein University Hospital during the period from October 2014 till May 2016. The study was approved by the Ethics Board of Al-Azhar University.
Equipment:
Two Method:-All children were submitted to: Detailed history taking:-It included personal history, onset, course and duration of complaint, associated medical, prenatal, neonatal and postnatal problems. Special emphasis was done on diseases associated with hearing loss. Moreover, history of consanguineous marriage as well as family history of autism were highlighted, results of previous I.Q tests, EEG & MRI done before (11) . Otological examination: The purpose was to exclude obstruction, infection, congenital malformations and other lesions in the external auditory canal. The TM was examined for perforation, drainage, otitis media and cholesteatoma. Immittancemetry:-This included tympanometry and acoustic reflex threshold measurements (ipsilateral and contralateral reflexes).
For the three groups, speech audiometry was done in the form of speech detection threshold (SDT) or speech reception threshold (SRT). Auditory brain stem response (ABR):-The children were tested while sleeping either naturally or using sedation in the form of chloral hydrate in a dose of 0.5 cc/Kg. It was done using the IHS evoked potential system in a single-walled sound treated room.
Electrode montage: Two channel recordings consisted of positive recording from Fpz, negative 3963 from ipsilateral mastoid, and a ground on the forehead. Inter-electrode impedance was minimized using alcohol and rough gauze and was typically no more than 5000 ohms. The electrodes used were silver cup electrodes after applying a conductive paste and attach the electrode firmly with tape.
Procedure and parameters: The stimuli were rarefaction acoustic clicks delivered through headphone at intensity levels of 90 dB nHL at a repetition rate of 21.1p/s. The response was filtered between 300 and 3000 Hz, amplified 100,000 times, recorded over 12 ms time window, and 1024 sweeps were averaged for each run. Detectability of waves I, III & V at 90 dB nHL as well as their absolute and inter peak latencies were measured until threshold of hearing was obtained (Wave V threshold). Testing was performed in 20 dB descending steps. A threshold was defined as the lowest intensity level at which a response could be detected.
Evoked otoacoustic emissions (Distortion product) model Celesta 503 cochlear emission analyzer of Madsen electronics:-The DPOAE tests were performed in a sound treated room using a Madsen pediatric OAE probe assembly (model Celesta 503) fitted to the ear canal. The acoustic stimuli were two continuous pure tones at the socalled primary frequencies of f1 and f2. The primary L1 and L2 levels were separately adjusted, and the frequency ratio of f2/f1 was fixed at 1.22. The levels of the stimuli were fixed at L1=65 and L2=55 dB SPL. The DPOAE measurement was evaluated when the generation of the 2f1-f2 DPOAE occurred by primaries with geometric mean frequencies of 0.5-8 kHz. The detection of the DPOAEs was based on the amplitudes being at least 3 dB above the average level of the noise floor sampled at several frequencies surrounding the emission frequency. The frequency-specific signal/noise ratios (SNRs) in both ears of the children were evaluated. 
RESULTS

DISCUSSION
Autism spectrum disorder (ASD) is a neurobehavioral disorder comprised of socialcommunication and social interaction deficits, along with restricted, repetitive behavior (RRB), interests or activities, as is now defined in DSM 5 (12) . The presence and intensity of these deficits are variable and constitute a heterogenic spectrum (13) . As regard to ipsilateral and contralateral acoustic reflex thresholds at different frequencies, there was no statistical significant differences between right and left ears in each group as well as a none statistical significant differences between groups .This conclusion agree with that of Lukose et al. (14) who also found that autistic subjects had lower ipsilateral acoustic reflex thresholds at only 500 and 1,000 Hz. However, this finding may be related to deficits in inhibitory neurotransmission. Moreover, there is evidence of disrupted gamma aminobutyric acid (GABA) signaling in the autistic brain (15) . The higher DPOAEs S/N ratio levels in the autism groups suggests that outer hair cell activation might be higher in children with autism, particularly at an early age, and this might make them more sensitive to auditory stimuli (16) . In the present study, The significantly shorter IPLs in the right side, compared with the left side, found in group (1) was interpreted as an evidence for asymmetry at the lower level of the auditory system and coincide with the well-known cortical asymmetry supporting a right-ear advantage is a possible mechanism for asymmetry (17) . Prolonged ABR waves absolute latencies III & V and inter peak latencies I-III & I-V, reflect a reduced synaptic efficiency in the auditory pathway in children with Autism, which may provide a neurological basis for sensory reaction and linguistic disorder and show a disturbance in the brainstem of the auditory pathway and cortical/subcortical regions in these children (18) . The underlying neuropathology that may account for the ABR prolongation in ASD remains unknown. A potential explanation is that prolonged wave V latencies are due to impaired progression rates of myelination of the auditory system in children with ASD, with some research pointing to marked delays
(19).
On the other hand, other researchers suggest that white matter development is accelerated in ASD (20) . Extensive abnormalities in the ASD brainstem have been described, ranging from alterations in size to significant changes to its morphology. Malformations of the superior olivary complex of ASD brainstems have been described in many anatomical studies (21) . Disruption of the serotonergic system is also one of the best replicated findings in ASDs. Another possible explanation for prolonged wave V latency that infants who develop ASD exhibit transient abnormalities during early critical periods of development that normalize at later ages (e.g., early brain overgrowth) (22) . In this study a statistically significant differences existed between groups (1) & (3) and especially between (2) & (3) as regard to waves V/I amplitude ratio reflecting marked wave I amplitude relative to wave V that was more evident in the severe autism group. This finding is in agreement with that observed by Santos et al. (23) who found similar conclusion in their studies on autistic children compared to their controls.
A possible explanation for these findings could be due to abnormal functioning of the descending auditory system associated with the midbrain and/or the presence of other brain abnormalities, likely contribute to the hyperacusis and the abnormal reactions to sounds often observed in ASD children, though the exact underlying neuropathology that accounts for the ABR characteristics observed in ASD children remains unknown (23) . In summary, audiologists play a major role in the early identification and appropriate referral of children with autistic disorder when a disparity between the child' s hearing function and language level is evident, either with or without other social or developmental deficits.
The results of the current study introduced an evidence for the abnormal hearing process in the primary stages of the auditory system in the children with Autism characterized by physiological disorders in the auditory neural pathway. These results offer a promising direction for further research, as they suggest that using infant ABR recordings may be used not only for clinical assessment of the patient's hearing status but also as a potential marker for early autism diagnosis.
CONCLUSION
The OAE responses of children with ASD were higher significantly only at 500 Hz (mild to moderate & severe groups) & 750 Hz (mild to moderate group) than control subjects explained by the overactive outer hair cells. In spite of within normal ABR wave V threshold, ASD children with either mild to moderate or severe degree had a significant increase in ABR waves III & V peak absolute latencies and I-III & I-V inter peak latencies in comparison with controls that suggest low brainstem auditory dysfunction. Asymmetrical ABR findings also noted in children with ASD (mild to moderate group) as shortened right ear III-V & I-V inter peak latencies (more prominent right ear advantage). In ABR also the amplitude of peak I in response to 90 dB nHL click stimulation was significantly greater than the amplitude of peak V in both groups of ASD children than controls.
